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mat h)i2-t XTTvyvmzwtmmmti&ft 

mmmtemmtk&^mt. tte«sui©«fMa«8E&4* 
mzmmmmmkm*®.^ t%mmmtkb)i 

mmn*&M-?%mmmmkm^®. zwmmmmzm 

v®®&Bf&-?z>X'( v^yvmi-o i *&©*ra©-€-n 
?n*mm\zM®$n, mmWimzjEMmtemmtz 

mumm^mz. mmmmb^^y^umtuvrcm^ 

tcMtmm®®femmm^z3 ! -j^TXTTv 
&zwmtmQVt®z$itii-rz>XT7<) y^mmm^ 
m t . mmmmm®mmmmmz#& Litm o mmmm 

®&\ziz. mmm k> mmmmmz&^xmtmwsmm 
^mm*.t s mm* ymn^mmn^mmmmmm^ 
izm&Lrz/vi7,m$£mmmz$££-?z> z. t &&mt? 
^nmn^-7^7 u y>f$iw. 
lw*^2] wimmmmmmmmtkm^mz, mmm 

mm&fcm^mmtiitzmmmm&m^izM^TM 

z\ t zftwit-rzmxm i mmvmihnv- 

[0 0 0 1] 

mmt>tLTX7-7vy>fmzmmftmi*#. k^-ta* 

©8^©!gM£ia3Sl!>A7-X:r7U >^SBICH 
[0 0 0 2] 

«tn^.«»«i«sit i»^iai>Tftffla (nfb) 

tt. BS««El.st«ft«««Ii,©SSm^KS^ 



(2) 45WF8 - 6 7 2 6 6 

2 

««SK In T«»«&CIb U Xf7>J>^l:i«felii 

[0003] *fc, ft&ommw-x^vyifmm 

^a*^©«ffll («Atf, PWMHW) 

«j^-r-5/i;wx««ag«jioxi-x^ ^gg^su-s «fc 

[0 0 0 4] 04(Ctie3fe»S«l/W-X^T>J>^S« 

f 7-X?7U>^g«liS. X^r7U>^*-f-JP2, 

5, «|firtt|ft©lKrti&7, t*jje«a**55 

£-r*«»t&8, 7 ; r7^yif^-)V2\zYfm-r^m 
&b)i>7*&tiiL xmife b)u>?\zttfeL rz.m%.mmz& 
20 &zntcM&b)vzm^T*m7]-tz>mbb)i><!7"£y*)- 

itasa*ai 2, sftiiftsgi 3 . nmmnm 
*tB¥ai4««fl*.«. 

[0005] x^7u>^^-ji/2<&gur6-r^<h. x 

5r7«J>y«3CI!i!tt6nfc»«h^-fe>U-l 0;Wg 

JWWT&iHWil 2\zm%o Xf7U>^ 
tt3fcliq*.5n*iaeri. ^-y^&h!-^->^«5&^ 
LT^>5 a©HHi*«»5yf «I5 b©ffcfr[«]<Z>ii[ 
JO iSSa»tcSa$n, Mn«; h'6*^LTWH7©JirB) 

[0006] Mfi^si 2tt«BMu*m^Tcattt* 

TtliltfSl 3 £«lMlfMfl«EVo fc«]»U 
»t»«JEEV» £«S&LT«ft«S8 

[0007] mmmm&y^z^^mm^tir^mmms 

it, A'fap'f H=f74S^l/T«WltEVifl)Mn' 
7.^7U>^-f-^2tCi0^^tlSSI6*© 
[0 0 0 8] HBC^T, SWJ/19-X^7U>^S 

fi©W¥8i2H Jftlfch;^-fe>-y-i o*^©» 
teh;i^«^Tt~*cavri§3 6tcfmsiteh;i^ (t) 

-gg«SS (Iks) #ffi0©gMSSl. 1 siZ^«|-rSB 
15, B&ft«n» S <!:, «n««MtttB 
^© 1 4 «t«tU Lfc«»fi!«jSfi£ I » ©«»«M*ffl«ff I 
.q t©«^m^A I ftiSWf *«a*Jfe^ai 6, 
m^A I *«£EK**b, MftWDh^ai 3SPWM 

siwuTis^m^A i &m*fr\zoizws&n j &z>£oti 
so «»««»«ffiVo&5S*-r«ffi»«»^ai 7stA 



3 

•5. 

[0009] mmmmm^ a 1 3 «, wittf/w-FE 

2lo;^-FET©-tn-eno^7*liiS»t5u 

[0 0 10] «*.«, *^ffi](DX5 i 7U>^fP&ff3 

&m#a 1 4 *^/nT-5*«i^w«gij i fc^x® 
i tt«»«i«siE i ■ tmmm&tamffi i ( i ■ - 

[0 0 11] fc£fa©X^7U>yjSfe&fT5 

1 6 38»6ffl*3n*«3S«^A I « (- I« + In) t 
[0012] Z<D& O iC. fWffl#® 1 2 ItttlHMttH* 

«ln«)lll*-^tW, BMKlii&MBIfclfl 
**I.d©{H»*»A I *fWPPT*.fc3fcL;fc©T?. X 
f 7 U >^/)5t£*^f no* ^feoTfc, {BMfi^A 

[0 0 13] 

fc «k o «»« 8 (Diftmt -5 «k 5 a nr a fc 

*&ttX^7'J>^*-f- 

jWRw^i^KiirtEb. mmwtsomtkftmiz&vftifr 
mmmm i . oft £tt«b&*iMMfttt«tt i » » my 4 

-Myfan«fca6, fil^fg^A I fltO fcjRman 
[0 0 14] J:gI^mtlKliO!>n{R 

fco^Tttwr*. -j^wtr, WMMEEVittWMi 

8©-f>^*>X (L) «»««MEIi. 



^M¥8-6 7 2 6 6 

[0 0 15] 

[ftl] V«=Rm* I u + k s * Nh 

[0016] w. i £ o mmmmm i »«»2T«fca 

Lfc«^©«ft«*«S I . lift 3 
[0 0 17] 

[ft 2] I«= (V.-ks *N.) /Rm 
[0 0 18] 

[ft3] I«= {Vi- (-ki*Ni) 1 /Rm 
[0 0 1 9] &3 J;DWS*^J;5tC, X^T^yifcD 
MOigfWlcWu B£ttttli (=k s *N,/Rm) © 
5g£}C<k -a T«S&«l«Sit I y tfitftl U 1 2 » 

i.©7-f-K/ty ^r«<ssm# A I £ 0 

[0 0 2 0] B3icMS$Kft^a©»fWJBI£^ 
-f. l3 3!'i5V>T, iftiiifanii. ?'Jy5>|I| 

30 Ql~Q4*f^ &FETQl~Q4l«nftl 
OV-X, HH>MWt- HD l~D4£rt&L 
T*0. Q 1 $3<J:Z/Q 2 {JjSSiESi^Eo, Q2i5<fctfQ 

4s$ft?-x (gnd) ic**upn»Ksn*. - 

QltQ2©»(W, Q3tQ4 0fiNJWtlB»C«» 

$o q i~Q4©^-n-en©y-hG i~g4smw 

I «E*. ^'J»^l8iH;«9-FETC 

ftit jr-f p* - h ? >yx*Tr 

[0 0 2 1] lHl^*lBl*©X^T'J>^ffi#«J8-rft±. 

flfxtf, «»«fHffl«ffiVo©:*->«^Vo,.£Qi©y 

— HGl. PWMf^VFi»SQ4©y-hG4, ^7 

«^ v» p &^-n^nQ 2 ©y- h g 2 1 q 3 ©y- h g 

3(C^«&-r-2.^<t(Cj;0, jt^«jgEo-FET 
S^gh^^X*) Q1^««M&8^FET («#2frJH: 
h7>yX?) Q4->*ft:7-X (GND) ©«&©« 

[0 0 2 2] HH£&filfeOX5 i 7'J>ya#«aB 
:*>ffi^V„»£Q3©y-f-G3, PWMft^V 

p.»*Q2©y-hG2, ^-^m^Vo^-en^nQ 1 

©y-hG 1 tQ4<D?-bG4\Z&1fc-?Z>Z\tiZ& 
0. iSSSE«2!gEo-FET (l^Mh7>^^) Q 
3-»S«)tS8-FET (i#Mh7>^X?) Q2- 

*^y-x (gnd) <Dm&<Dmmmmffi 1 « (?k«s^ 

[0 0 2 3] ^©<±:5(C, *»«|«ffll*BEVo©^>m 

#v.»tPWM«^v,..Tr^Uy^ia»oii*sa*»i« 

tSFET (.mR&}mb7>zSX?) Ql<hQ4, FE 
T (fM«h7>vX^) Q3iQ2&$Wt^ii 



JO 



50 



40 



—551— 



(4) 

5 

\z±<o, «»«««i»o*rtii**aft«jeu mm 

[0 0 2 4] £&. JSttR.tt«im*8tU a ©:&ffl£l' 
^;l/*SJEV, (ffittt^JEM) tLTtttll, «M« 

[0025] ®mjjfa£;<DX7-rv>?&ztiim 

Ii#*li8-»^t-HD3-FET (SSS^lSh JO 

9>5>x*o Qi^sibii8(7)ifl;i/-^iign, «n« 
mil ti5}£«stii©fn (i B +ii) tu^xmm-r 

•5. 

[0026] «nwtiKtttu^Bi! i 4&muavfrmw}m 
mwl ci. + ii) sfttau wmmsk d. + ii) t 

L fc«ttflHftffl«itt I « . «fl2lifc]g^ft 1 6 \Z 7 4 
W#S1 7ja*»««fP«EEVoS*«T?#S:<a:oT 20 

mmrnmm (i.+ io (c?f^s^>a>?>^^& 

iie 7 >r - 'j > ^©<et &m <m&w$> z . 
[0027] co»wiic©«fc5ittiiws»ft-ra&j6 

[0 0 2 8] 

£©f^tc#s«&/iy-x^yu>^§ge«. 
ate, «f6h;u^-fe>-y-7jt^mbfc^teh;i/^M^*5«t 

«*fc»*L&/WXiH*il«*fc*^s 40 
[0 0 2 9] uC^CiSfl/^-XTT'J 

>^ss«, «n«iacaiu«ikai^gi!ic. mittttt 
tst-r-s. 

[0 0 3 0] ^©^WJC«S«»/iy-X^7 



1$S§¥8- 6 7 2 6 6 

£. 

[0 0 3 1] 

[f^ffl] tfiD*Wt#6tft/tf7-Xr7'J >ySl 

mmwmn \zm^xmmmm^m^±-r * •* >mn 
& nmmmtem&mn \zm& l &/ (BeiMMj tc^ 
x-r*©-c. ««j88©ji*e«*fc c tsi5i^«^&a«L 

[0 0 3 2] Z.<D&W\Z&Z>mmK t 7-7>^7V 

>#mwit. mmmmfem&ikm^miz, mmmmwk 

[0 0 3 3] il m^HBl^ffizSfflii'fy y^c-j> 

mz§w*tt?mammm&#im-rz c ttfx-zz. 

[0 0 34] 

>^»«©S*^nyir|BriEHT?»S. iltm, 
0, mW^@L2 0, tt»«Jg»^a 1 3. 1118, « 

»«iiHitea«^ai#a 3 0 ©^weB&*^-r^.«i!iiie 
ss^m^a 1 8 *3«i;yt*«i«ii*ffi^{fi^a 1 9 

[0 0 3 5] MUfS2 Ottv^a^n-feytf. RO 

M/RAM*(0^t'J. ^>^7x-XI§IgS, :J3«fctfV 

iftSfai6, ■mmi¥R2i. D-/U7>fj^ 
(lpf) 2 2Ai5«fctf2 2 b, mmmmmmmmn^ 
S23, x^7u>^sg^ta^a2 4, mvmmw^ 

m2 5&ffiZ_Z>. D-;U7-fM (LPF) 2 

2 A*5,J:tf 2 2 B, «Id^*5^Igi£»^a 2 3tt, « 

Wi^«sfEMai^a i s &&vm®®miE®tii^® 1 9 1 
£*>izmwm\m,mmmm^m3 o«iueti. 

[0 0 3 6] BSSSK»S^ai 6»ROM««!>*%>J 

(T) -agmSSt (Iks) Wft*6«Meh;^«^TK: 
^UfeSSSSffl^ I Sit LTfiMS^a 1 6 



«»««Sitt£W?© l 8i3<fctfa-;tx:7^;i^ (lp 
F) 2 2AS*l/T7-f-MyfSns«WMIIII 

■ ©*&£«*§ i if ©«afc«*u mmmn a i 

IW¥82ii:«»t5. 

[oo3 7] iK»ffflw^g:2 i«p i d atm-m»- 

(Vo»> V,.», Vof) £*»t81g»j^R 1 3 K#»-r 
Wffc*fP«^Vx <«*.«, «F«flsl"<>Mff« 

Snfc«-&fctt. «»«IWW«ffiV.©*>fi*Vo»& 

PWMflWVtutSaEEUTW^-rSi-SIMrt-*. 
[0 0 3 8] n-/U7-f;^2 2AB7ff>i , ^7^ 

fai 8^*mLfc«i!i«««Ei.©«»aittffl««Ei 
mn 1 1 - i e £<ktf«»*iiitsa&tt* 

fg2 3l:^t5. n-/U7,'^2 2B*o7i'f 

m«ffiVi»©»r£H»i*£U:©. wB/-fxi/^* 

Lfc*)EEm^v„ F zmmm®fcmmmw^®2 3 1«» 
-rs. 

[0039] rnnmrnBumm^ m 2 3 «y yv^u 
?7&<Dfc&mmzmz., p-/u7^w2 2a*6 

o«««^ i»i.*«ttXn-yiX7^;^2 2 B#>£©m 

HtfttH^a2 4&j:Z*K0l*mP¥flt2 6JCWW*. 
[0 0 4 0] 

[&4] N«= (Vu-Rm* In) /ks 

[0 0 4 1] fc$3. «»«ts]|gjI&&m^R3 0«, « 

n««tttttu^a i s fci^aiij^ttiE^w^s 1 9 & 

@ttT?#MSU MW^&2 0 ©-g&£#tfi£-r £D-V1X 
7^M2 2A, D-/U7>fW2 2 B*3 

Hfiuett*¥R2 3 zm^xmrnmnm i » , «»« 
«£EVi©y<x<«»ft«aa*. ftiMiacauKNi s 

[0 0 4 2] in 2 iz#&mm<Dmmmm%imto^m<Dm 

tti^Rl 8tt. ^flMUfflOJh-^K^l 8A*5<fctf1iijit 
*«¥R1 8BTniW5U X-Jim? 1 8Att«»«8 



u «Rg&¥Ri 8Btt*-^«sv.oft«iMi«a 

[0 0 4 3] *»flMt&|ft<H#Rl 814. «»tS8^« 
»«KWi^R l 3©tt«««l:«*&&(S$r«IUI« 

[0 0 4 4] Xx7U>^ttlft»ffl#R2 4ttii*-W 

ywm^T onmen f * ± cnum ataundi^ a 

J0 2 3TlKJ|tL&«M«[iI«isajSfi^Ni©^ («tt) 

a 2 5ica«-rs. 

[0 0 4 5] 7>f7iJ>^IIl *l6h^m^T© 
tt*«*F&«MBEflUK«*N a ®flF* (tttt) m 

T7U>^H0ttIfc«)tU «ABHU^7f7 
[0 0 4 6] MK)mfflW¥-m2 5\ZROM!g(D**V, 

©2 kcji«u »S!iiw^a2 ia»6ffl*sn**» 

«M»«JBEVo©*>fi^V.. £MIW8reVifc»ASLfc 

[0 0 4 7] *&, R0PMflB*R2BI4XT-T'J>y 

STfc»^t»TlMI«^ViO«»/#Jl:JWWiPS*U X 
^7U St#H WW (Xf7U>^SD 

■MB^StjWLU^ Uf7U>ya*tt» ©*-& 

[0 0 4 8] iSff^nfc*»«II5I«jS«N«a«!«i«8* 
KliftbiJ&U X^7U>^M9B#©fffl»m^V: (M 

w«jEVo©pwMm^vo f .» -bttWerevi icararr* 

J:3»rtU&OT». EI3tc^T<fc5^X^7'J>^Ht3 
BlFK«»tl 8 ©i£jg*7j ICct o T@*«* 1 1 tf*38£ L 
Tfe, BI3©FET («Jfj»*h5>i;7j') Q 1 ©^ 

- h g i fcB«iianTvs*«»««fP«EVt ©*>m 

^Vo 5 *PWMffi^Vo P ,»IC^HL, L*»t>®4««I 

.c^bfc^ji/xiti©^-^^*^ (ham:, hj 

50 it*) U E4i«gitlK^ffi^T^«S5!S:M / >$-B:^«t 
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[0 0 4 9] iHT, £©fgl5il;:fS5«l!lA'7-X^7 

ftCDX^-T U 0 1 ©*»<Piai#» 

2 l*^Bg««El» s IC^Ufc«»«l*IWI«JEEVo^ 

h 3 c^?«ftMHmk i 3icai*^n, fet at 

#i*h7>yX^) Ql~Q4©y-hGl~G4{r 

Vox, ^^ffi^-VoP, *7{B^Vop, figfitfAIlCtt 
(St«PWMi#V,.,MIBSn. «tt««»I>«>^ 

m mm) <D^m\z»tu msmsamm^nxm^ 

[0 0 5 0] CO«l*5. X^TU>^M0^Jg(C^ 

U tiitt h M tE&iJjfalZttfoV1t®!kmffi I 
k fl**I?©3Er fiHc38£L-OMMI 8 Ctt*l«*ft»ia£ 

«sse 1 1 izmmnm i„ \zMfoLtcmmmmffi i « 

(i»+ ii) snfe&wt&s. 

[0051] jn*an&«* (i»+ ii) *ir/t*»« 
«jbevi a-tn-fna i ©«»«««E*ffl*a i 8, « 

)v? 2 2 a, 2 2 b s^-i/ty -f xw^fttttftsn 

fcftSitffi^ Iip, «JEE1B^V„p tf«naBCa&H*¥ 
[0 0 5 2] XT'J>»Mfg2 3 &jK 

[0 0 5 3] M0OTfS2 5lt X5r7U>^tt«« 

v. *ffi»<w»^a 2 1 cMLttiaiw 

fP«JEVo©*>fi#V.» *HHM»Vi©l"<;HC*MS 
LfcPWMifV» P H(«IbT03«)FET 
*h5>3>X*0 Q 1 ©y- h G 1 Vi {CM 

JlSbTPWMftiJII^n^. 

[0 0 5 4] y-hG llitPWMMSSnSi, FET 
Q 143cfcr;FETQ4^7^tC*#:7-X (GND) 
-y-f *-HD2 -.ftlHi 8 *-FD3 
IE. (+) ©SRTftn««tlCJ:D«Ml8«(9MI 

U >^MOtt&fc:fcV>T®£lifl& I .#«®ittMgl!l*a 
1 3}C3?£bTt>, gt 2 0 «®£«Sit 1 i ©igit] 

ii) -?ttft«8e**u vyymzmmw 

[0 0 5 5] 

[fgH;i©#J*] a±RWUfc«fc5fcC©»iHK«*«» 



(6) #M¥8--6 7 2 6 6 

i0 

> ^ttwftm^a^x^y u >^»©m 0 «$i£*stm l 
58£-r -s ■* >mnzmMm®&m&mmzMfo liz/vi 

-C^-5©T, ^tfeW^mftttraSS©/^^^**!* 
[0 0 5 6] £©fB?)3t::«3«»iA<7-X^7U 

tfimtu-rz mwsmmmm^ \zm~J^ xnmmmmm&m 
^mw-r^mmrnmnm&mm^m^m^ mmm® 

[0 0 5 7] ££>tC, Z.(D5m\Z%Z>mM)rt*7— 7.7-7 

v>fc#a«3!©«jHftffl*B:***., mmm<DWimz& 

a»«t«Stt©|nlJiS0Silt*JT#S. 
[0 0 5 8] ctoT, X7 1 7'J>^©MDi^(r i t>@g« 

[0@©fg#&lal3)3] 

[Si] u©lSil;I5it/w-7f 7U >^8f © 

30 m®7ny?mf&m 

[02] #aEttS!©*»«i«aettw^a©s«^ny^ 

«j£0 

[03] mmmmm^fkomKMW® 

[04] «*©«»/1'7-X5 i 7U>yS«©^*^ 

0 

[0 5] a*©«»yt»7-x-T-7'J>y*«©»*^D 

[0 6] M&hJls? (T) -@H««t (I.s) #140 
[0 7] tt»ttl§nE»& (N.) -MWffl* (Vi) #14 
40 0 

[«F^©SiW] 

1 -ti/w-XTTu >?mm, 2 -7,7-7 v 

'f— Jk 3-Xf7U>m 4-M^b'^7, 5 
•••^-.y^&bm:*>1l#l, 5a-fcfn:t>, 5b-'?9 
6-^^fn^H, 7-ffrH. 8 •••«!»«, 10- 

s*eh;i^-fe>-y\ 12, 30 13-msj 
wsn^s. 14, i8-«ii«xKjiim 15- 

lg«SSt^^S, 1 6 -flHSifefc^a, 17-Ilffl 
W^S, 18A-*-A«T. 1 8B-««£«**a, 
50 1 9 -«Hltt«Ettfflm 2 1 -K»SflW^a. 2 2 
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11 

A, 2 2B-D-;U7-fW (LPF) . 2 3-11 

a. 2 5-mr>mmm^m, 30-nmmmmmsakm 

Dl~D4-^-ft-H, F, G-«FW*f, G 

I tUttUttl. I. r I.l-SM 
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A I Ni -«n«ia«KiK««. 

Ql~Q4-/t>7-FET («Jfc»* h 5 , 

MtlMtUIS, V«f-«ffi«^ V..-tfs-JMWE, 
Vo -«»«ftffll«E. V,F-*7fif, v.. 
#. Vfh, V»„»-PWMfi^ VrfMtt. 
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(54) ELECTRIC DRIVEN POWER STEERING DEVICE 



(57)Abstract: 

PURPOSE: To provide an electric driven power steering 
device excellent in a steering feeling generating steering 
assist force in accordance with a target current even 
when steering is returned. 

CONSTITUTION: An electric driven power steering 
device is provided with a steering torque sensor 10, 
control means 20 comprising a target current setting 
means 1 5, deviation determining means 1 6, drive control 
means 21, low-pass filter(LPF) 22A and 22B, electric 
motor rotational speed arithmetic means 23, steering 
condition detecting means 24 and a return time control 
means 25, electric motor drive means 1 3, electric motor 
8, electric motor current detecting means 18 and an 
electric motor voltage detecting means 1 9. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The steering torque sensor which detects the steering torque of a steering 
system. The motor which makes the steering auxiliary force act on a steering system. 
A motor rotational-speed detection means to detect the rotational speed of this 
motor. A motor current detection means to detect the motor current of the 
aforementioned motor. A target current setting means to generate the target current 
signal corresponding to the steering torque signal which the aforementioned steering 
torque sensor detected at least, Control means equipped with a deflection signal 
determination means to determine the deflection signal of the aforementioned target 
current signal and the motor current signal which the aforementioned motor current 
detection means detected, and the drive control means which generate a PDM signal 
and an ON signal based on this deflection signal, Motor driving means which generate 
the driving signal to which each of 1 set of opposite sides of the switching element 
which forms a bridge circuit based on the aforementioned PDM signal and the 
aforementioned ON signal from these control means is simultaneously controlled, and 
carries out the right reverse rotation drive of the aforementioned motor. It is electric 
power-steering equipment equipped with the above, to the aforementioned control 
means A steering state detection means to return with the going state of a steering 
system based on the aforementioned motor rotational-speed signal which the steering 
torque signal and the aforementioned motor rotational-speed detection means which 
the aforementioned steering torque sensor detected detected, and to detect a state. 
When a return tense means corresponding to the aforementioned motor 
rotational-speed signal to return and to generate a tense signal is established and the 
aforementioned steering state detection means detects the return state of a steering 
system It is characterized by changing into the PDM signal corresponding to the 
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aforementioned motor rotational-speed signal the aforementioned ON signal which 
the aforementioned drive control means generate based on the aforementioned return 
tense signal. 

[Claim 2] Electric power-steering equipment according to claim 1 characterized by 
having a motor rotational-speed operation means to calculate the aforementioned 
motor rotational-speed signal for the aforementioned motor rotational-speed 
detection means based on the aforementioned motor current signal which the 
aforementioned motor current detection means detected, and the motor voltage 
signal which a motor voltage detection means detects. 

[Claim 3] Electric power-steering equipment according to claim 1 characterized by 
having a non-contact type current detection means by which the hall device was used 
for the aforementioned motor current detection means. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Direct action of this invention is carried out to a steering 
system by making power of a motor into the steering auxiliary force, and it relates to 
the electric power-steering equipment which aims at mitigation of the control force of 
a driver. 
[0002] 

[Description of the Prior Art] While setting up target current IMS in conventional 
electric power-steering equipment based on the steering torque which a steering 
torque sensor detects and driving a motor on the motor voltage VM corresponding to 
this target current IMS Detect the motor current IM which flows to a motor, and 
negative feedback (NFB) is applied. The motor voltage VM is controlled based on the 
deflection signal of target current IMS and motor current IM, a motor is driven with 
motor current IM equal to target current IMS, and what was constituted so that the 
steering auxiliary force might be made to act on a steering system is known. 
[0003] Moreover, conventional electric power— steering equipment constitutes the 
motor driving means which drive a motor from a bridge circuit using switching 
elements, such as Power FET (field-effect transistor) and a power transistor, and it is 
constituted so that the duty of the pulse-like supply voltage supplied to a motor by 
control (for example, PWM control) from control means may be changed. 
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[0004] The important section block block diagram of conventional electric 
power-steering equipment is shown in drawing 4 at the conventional electric 
power-steering equipment whole block diagram, and drawing 5 . In drawing 4 electric 
power-steering equipment 1 The rack & pinion mechanism 5 which consists of a 
steering wheel 2, the steering shaft 3, hypoid gears 4, pinion 5a, rack shaft 5b, etc., a 
tie rod 6, the front wheel 7 of a steering wheel, the motor 8 that generates the 
steering auxiliary force, and the steering torque which acts on a steering wheel 2 are 
detected. It has the control means 1 2 which are based on the steering torque sensor 
10 and the steering torque signal T which output the steering torque signal T changed 
into the electrical signal corresponding to steering torque, and drive and control a 
motor 8, the motor driving means 13, and motor current detection means 14 grade. 
[0005] If a steering wheel 2 is steered, the steering torque sensor 10 prepared in the 
steering shaft 3 will change steering torque into the electrical signal which detects 
and corresponds, and will send the steering torque signal T to control means 12. 
Moreover, the turning effort of pinion 5a is changed into the rectilinear motion of the 
shaft orientations of rack shaft 5b through the rack & pinion mechanism 5, and the 
rotation added to the steering shaft 3 changes steering of a front wheel 7 through a 
tie rod 6. 

[0006] Control means 1 2 supply the motor-control voltage VO to the motor driving 
means 1 3 based on the steering torque signal T, and the motor driving means 1 3 
supply the motor voltage VM corresponding to the motor-control voltage VO, and 
drive a motor 8. 

[0007] The motor 8 driven with the motor voltage VM makes the steering auxiliary 
force corresponding to the level and the sign of the motor voltage VM act on a 
steering system through hypoid gears 4, and it is constituted so that mitigation of the 
control force applied to a steering wheel 2 may be aimed at. 

[0008] In drawing 5 the control means 12 of electric power-steering equipment 1 The 
target current setting means 1 5 and target current IMS which are transformed into 
the target current IMS of a steering (torque T)-target current (IMS) property view 
shown in drawing 6 based on the steering torque signal T from the steering torque 
sensor 10 The deflection determination means 16 and deflection signal deltal which 
calculate deflection signal deltal with the motor detection current IMD of the motor 
current IM which the motor current detection means 1 4 detected are changed into 
voltage. It has the drive control means 17 which generate the motor- control voltage 
VO which PWM control of the motor driving means 13 is carried out [ voltage ], and 
completes deflection signal deltal as 0 promptly. 
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[0009] The motor driving means 1 3 are the motor-control voltage VO which consists 
of switch-on / OFF signal and the PWM control signal which consist of bridge circuits 
using four switching elements, such as Power FET (field-effect transistor), and are 
offered from the drive control means 17, and the voltage value and direction of the 
motor voltage VM which are supplied to a motor 8 are set up by carrying out drive 
control of each pair of 2 sets of power FET which made two pieces the pair. In addition, 
the direction of the motor voltage VM is determined corresponding to the polarity of 
the motor-control voltage VO outputted from the drive control means 1 7. 
[0010] For example, if rightward steering operation is performed, the steering torque 
signal T of plus polarity is inputted into the target current setting means 15, the target 
current IMS of plus polarity corresponding to the steering torque signal T of plus 
polarity shown in drawing 6 will be outputted, the motor current IM of plus polarity will 
flow also to a motor 8, and the rightward steering auxiliary force will occur. In this 
state, the motor detection current IMD which the motor current detection means 14 
detects also serves as plus polarity, deflection signal deltal outputted from the 
deflection determination means 16 becomes the difference (IM-IMD) of motor current 
IM and motor detection current IMD, and it converges deflection signal deltal on 0 
promptly by control of the drive control means 1 7. 

[001 1] On the other hand, if leftward steering operation is performed, the target 
current IMS shown in drawing 6 , motor current IM, and motor detection current IMD 
will serve as minus polarity, deflection signal deltal outputted from the deflection 
determination means 16 will become (-IMS+IMD), and it will converge deflection signal 
deltal on 0 promptly. 

[0012] thus — since control means 12 establish the feedback loop of motor detection 
current IMD and deflection signal deltal of target current IMS and motor detection 
current IMD was controlled — a steering — right and left — even if it is which 
direction, deflection signal deltal is completed as 0, and it is constituted so that motor 
current IM turns into target current IMS promptly and it may control 
[0013] 

[Problem(s) to be Solved by the Invention] Since conventional electric power-steering 
equipment is constituted so that the drive of a motor 8 may be controlled by feedback 
of motor detection current IMD, for example, when it sets [ which vehicles are 
stopping ] and its hold of a steering wheel is released at the time of the end, at the 
time of return operation of a steering wheel A motor rotates to opposite direction with 
the reaction force from a tire, and regeneration current IK flows by the 
counter-electromotive force generated by regeneration operation of a motor 8. Since 



the motor detection current IMD corresponding to the sum of regeneration current IK 
and motor current IM is fed back, do not converge deflection signal deltal on 0, but it 
emits, or it vibrates and the technical problem in which a steering feeling is reduced 
occurs [ **** / generating unpleasant sound ]. 

[0014] Next, the relation between motor current IM and regeneration current IK is 
explained. Generally, the motor voltage VM disregards the inductance (L) of a motor 8, 
and is expressed with several 1 as motor current IM, the motor resistance Rm, the 
motor rotational speed NM, and an induced voltage coefficient kS. 
[0015] 

[Equation 1] VM=Rm*IM+kS*NM [0016] From several 1, motor current IM is 
expressed with several 2, and, on the other hand, motor current IM when a motor 8 
rotates reversely with the reaction force from a tire is expressed with several 3. 
[0017] 

[Equation 2] IM= (VM-kS*NM)/Rm [0018] 

[Equation 3] IM= {VM- (-kS*NM)}/Rm [0019] Motor current IM can increase and 
control means 12 cannot make 0 converge deflection signal deltal by feedback of 
motor current IM by generating of regeneration current IK (=kS*NM/Rm) at the time 
of return operation of a steering so that more clearly than several 3. 
[0020] Explanatory drawing of motor driving means of operation is shown in drawing 3 . 
four power FET(field-effect transistor) Q1-Q4 in which the motor driving means 13 
form a bridge circuit in drawing 3 — having — every — FETQ1-Q4 build in diodes 
D1-D4 between each source and a drain, and DC power supplies EO, Q2, and Q4 are 
connected to a body ground (GND) for Q1 and Q2, respectively The motor voltage VM 
and motor current IM are supplied to a motor 8 by connecting a motor 8 between the 
node of Q1 and Q2, and the node of Q3 and Q4, and on the other hand, controlling 
each gate G1-G4 of FET(field-effect transistor) Q1-Q4 by the motor-control voltage 
VO supplied from the drive control means 17 of drawing 5 . In addition, a bridge circuit 
may consist of power transistors which replaced with Power FET and carried out 
parallel connection of the diode. 

[0021] In the state of steering going of the hand-of-cut right, the ON signal VON of 
the motor-control voltage VO by supplying the gate G1 of Q1, and the PWM signal 
VPWM to the gate G4 of Q4, and supplying the OFF signal VOF to gate G3 of the 
gates G2 and Q3 of Q2, respectively, for example The motor current IM (the direction 
of a dashed line arrow) of the path of a DC-power-supply EO->FET(field-effect 
transistor) Q1 -> motor 8 ->FET(field-effect transistor) Q4 -> body ground (GND) is 
supplied to a motor 8. 
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[0022] On the other hand, in the state of steering going of the hand-of-cut left, the 
motor current IM (a dashed line arrow and opposite direction) of the path of a 
DC-power-supply EO->FET(field-effect transistor) Q3 -> motor 8 ->FET(field-effect 
transistor) Q2 -> body ground (GND) is supplied to a motor 8 by supplying gate G3 of 
Q3, and the PWM signal VPWM to the gate G2 of Q2, and supplying the OFF signal 
VOF for the ON signal VON to the gate G4 of the gates G1 and Q 
[0023] Thus, by controlling FET(field-effect transistor) Q1 which forms the opposite 
side of a bridge circuit, Q4 and FET(field-effect transistor) Q3, and Q2 by the ON 
signal VON of the motor-control voltage VO, and the PWM signal VPWM, the direction 
and size of motor current IM can be determined and the hand of cut and rotational 
speed of a motor 8 can be controlled. 

[0024] Moreover, Resistance RD detects the direction and level of motor current IM 
as voltage VI (polarity and voltage value), is changed into current with the motor 
current detection means 14, outputs motor detection current IMD, and feeds it back 
to the deflection determination means 1 6. 

[0025] Next, when it returns from the steering going state of the hand-of-cut right 
and shifts to a state, counter-electromotive force occurs in a motor 8 with the 
reaction force from a tire, and the current to which the regeneration current IK by 
counter-electromotive force flows the closed loop of the motor 8 -> diode D3 
->FET(field-effect transistor) Q1 -> motor 8, and flows to a motor 8 serves as the 
sum (IM+IK) of the motor current IM by motor-control voltage VO control, and 
regeneration current IK, and increases. 

[0026] In order to detect the motor current (IM+IK) which the motor current detection 
means 14 increased and to feed back the motor detection current IMD corresponding 
to motor current (IM+IK) to the deflection determination means 1 6, About the 
regeneration current IK generated by the counter-electromotive force of a motor 8, 
control is impossible. It becomes impossible for the drive control means 1 7 of drawing 
5 to determine the motor-control voltage VO, and they produce parasitic oscillation 
and a hunting phenomenon on motor current (IM+IK), and at the time of the return of a 
steering, unpleasant sound may be generated or they may cause the fall of a steering 
feeling. 

[0027] It is in this invention offering the electric power- steering equipment which was 
able to be made since such a technical problem was solved, and the purpose can 
generate the steering auxiliary force according to target current also at the time of 
the return of a steering, and can improve a steering feeling. 
[0028] 
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[Means for Solving the Problem] The electric power-steering equipment applied to 
this invention in order to solve the aforementioned technical problem A steering state 
detection means to return with the going state of a steering system to control means 
based on the motor rotational-speed signal which the steering torque signal and 
motor rotational-speed detection means which the steering torque sensor detected 
detected, and to detect a state to them, When a return tense means corresponding to 
the motor rotational-speed signal to return and to generate a tense signal is 
established and a steering state detection means detects the return state of a 
steering system It is characterized by changing into the PDM signal corresponding to 
the motor rotational-speed signal the ON signal which drive control means generate 
based on a return tense signal. 

[0029] Moreover, the electric power-steering equipment concerning this invention is 
characterized by having a motor rotational-speed operation means to calculate a 
motor rotational-speed signal for a motor rotational-speed detection means based on 
the motor current signal which the motor current detection means detected, and the 
motor voltage signal which a motor voltage detection means detects. 
[0030] Furthermore, the electric power-steering equipment concerning this invention 
is characterized by having a non-contact type current detection means by which the 
hall device was used for the motor current detection means. 
[0031] 

[Function] The electric power-steering equipment concerning this invention A 
steering state detection means to return with the going state of a steering system to 
control means based on the motor rotational-speed signal which the steering torque 
signal and motor rotational-speed detection means which the steering torque sensor 
detected detected, and to detect a state to them, Since a return tense means 
corresponding to the motor rotational-speed signal to have returned and to generate 
a tense signal was established, when a steering state detection means detects the 
return state of a steering system Since the ON signal which drive control means 
generate based on a return tense signal is changed into the PDM signal corresponding 
to the motor rotational-speed signal, the regeneration current by the 
counter-electromotive force of a motor can be compensated, and motor current can 
be completed as target current. 

[0032] Moreover, since the electric power-steering equipment concerning this 
invention was equipped with a motor rotational-speed operation means to calculate a 
motor rotational-speed signal for a motor rotational-speed detection means based on 
the motor current signal which the motor current detection means detected, and the 
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motor voltage signal which a motor voltage detection means detects, even if it does 
not use a motor rotational-speed sensor, it can detect motor rotational speed. 
[0033] Furthermore, since the electric power-steering equipment concerning this 
invention was equipped with a non-contact type current detection means by which 
the hall device was used for the motor current detection means, it cannot affect 
operation of a motor but can detect motor current. 
[0034] 

[Example] Hereafter, the example of this invention is explained based on an 
accompanying drawing. Drawing 1 is the important section block block diagram of the 
electric power-steering equipment concerning this invention. Electric power-steering 
equipment is equipped with the motor current detection means 18 and the motor 
voltage detection means 19 of constituting the detecting element of the steering 
torque sensor 10, control means 20, the motor driving means 13, a motor 8, and the 
motor rotational-speed detection means 30, in drawing 1 . Moreover, the feedback 
loop of motor current IM is formed through the motor current detection means 18. 
[0035] Control means 20 consist of memory, such as a microprocessor and 
ROM/RAM, an interface circuitry, and a soft program, and are equipped with the 
target current setting means 1 5, the deflection determination means 1 6, the drive 
control means 21, low pass filters (LPF) 22A and 22B, the motor rotational-speed 
operation means 23, the steering state detection means 24, and the return tense 
means 25. Moreover, low pass filters (LPF) 22A and 22B and the motor 
rotational-speed operation means 23 constitute the motor rotational-speed detection 
means 30 with the motor current detection means 1 8 and the motor voltage detection 
means 19. 

[0036] The target current setting means 15 is constituted from memory, such as ROM, 
selects the target current signal IMS corresponding to the steering torque signal T 
from the steering (torque T)-target current (IMS) property shown in drawing 6 
beforehand set as memory, and provides the deflection determination means 1 6 with it. 
The deflection determination means 1 6 calculates the deflection of the current signal 
IMF of the motor current IM fed back through the target current signal IMS, the motor 
current detection means 18, and low pass filter (LPF) 22A, and supplies deflection 
signal deltal to the drive control means 21. 

[0037] After the drive control means 21 are equipped with a PID (proportionality, 
integration, and differential) compensation means, a current-voltage conversion 
means, a PWM control signal generating means, etc. and carry out PID control of the 
deflection signal deltal, they transform a current signal into a voltage signal, and 
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supply the motor-control voltage VO (VON, VPWM, VOF) to the motor driving means 
13. Moreover, the drive control means 21 are equipped with a control-voltage change 
means, and when a control signal VX (for example, coding level signal) is supplied from 
a return tense means 25 to mention later, at the time of steering return, they 
constitute it so that the ON signal VON of the motor-control voltage VO may be 
changed and outputted to the PWM signal VOPMW corresponding to the control signal 
VX (for example, coding level signal). 

[0038] Low pass filter 22A is constituted from an active filter or a filter of soft 
processing, attenuates the unnecessary band level containing for example, the noise 
level more than the predetermined frequency of the motor detection current IMD of 
the motor current IM which the motor current detection means 1 8 detected, and 
supplies the current signal IMF corresponding to motor current IM to the deflection 
determination means 1 6 and the motor rotational-speed operation means 23. Low 
pass filter 22B is also constituted from an active filter or a filter of soft processing, 
the unnecessary band level containing noise level is attenuated, and the voltage signal 
VMF corresponding to the motor voltage VM more than the predetermined frequency 
of the motor detection voltage VMD of the motor voltage VM which the motor voltage 
detection means 1 9 detected is supplied to the motor rotational-speed operation 
means 23. 

[0039] The motor rotational-speed operation means 23 is equipped with the 
calculation function of a soft program, calculates the motor rotational speed NM 
expressed with several 4 based on the current signal IMF from low pass filter 22 A, and 
the voltage signal VMF from low pass filter 22B, and provides the steering state 
detection means 24 and the return tense means 25 with the motor rotational-speed 
signal NM. 
[0040] 

[Equation 4] NM= (VM-Rm*IM)/kS [0041] In addition, since it attenuates the noise 
component of motor current IM and the motor voltage VM using low pass filter 22A 
which constitutes the motor current detection means 18 and the motor voltage 
detection means 19 from a circuit, and constitutes some control means 20, low pass 
filter 22B, and the motor rotational-speed operation means 23 and calculates and 
detects the motor rotational speed NM, a motor rotational-speed detection means 30 
replaces with sensors, such as a tacometer generator, is comparatively simple 
composition and constitutes a detector with a sufficient detection precision. 
[0042] The important section block block diagram of a non-contact type motor 
current detection means is shown in drawing 2 . In drawing 2 , the motor current 
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detection means 18 is constituted from non-contact type hall device 18A and current 
conversion means 18B, hall device 18A detects the motor current IM which drives a 
motor 8 as Hall voltage VHO, and it constitutes current conversion means 1 8B so that 
Hall voltage VHO may be changed and outputted to motor detection current IMD. 
[0043] Since the motor current detection means 1 8 does not affect the system of 
measurement-ed of a motor 8 or the motor driving means 13 but detects motor 
current IM, its detection precision is high and it constitutes a motor current detection 
means with little aging. 

[0044] The steering state detection means 24 is equipped with comparison / judgment 
function, detects the going state or return state of a steering based on the sign 
(polarity) signal G of the motor rotational-speed signal NM calculated with the code 
signal F of the steering torque signal T which the steering torque sensor 10 detected, 
and the motor rotational-speed operation means 23, returns and provides the tense 
means 25 with the steering state signal ST. 

[0045] A steering state is constituted so that judge with a steering going state when 
the sign (polarity) signal G of the code signal F of the steering torque signal T and the 
motor rotational-speed signal NM is in agreement, for example, the steering state 
signal ST of L level is outputted, a code signal F and the sign (polarity) signal G may 
judge with a steering return state when inharmonious, for example, the steering state 
signal ST of H level may be outputted. 

[0046] The motor rotational speed NM and a control signal VX as the return tense 
means 25 equipped with memory, such as ROM, and a change function and beforehand 
shown in drawing 7 If the correspondence data of (a coding level signal [ for 
example, ]) are memorized and the motor rotational-speed signal NM is supplied from 
the motor rotational-speed operation means 23 The drive control means 21 are 
provided with the corresponding control signal VX (for example, coding level signal), 
and it controls to change into PWM signal V0PWM corresponding to the control signal 
VX the ON signal VON of the motor-control voltage VO outputted from the drive 
control means 21 (VON->V0PWM). 

[0047] Moreover, based on the steering state signal ST supplied from the steering 
state detection means 24, supply/halt of a control signal VX are controlled, the return 
tense means 25 outputs a control signal VX, when the steering state signal ST is H 
level (steering return state), and when the steering state signal ST is L level (steering 
going state), it constitutes it so that a control signal VX may be stopped. 
[0048] The calculated motor rotational speed NM corresponds to motor current IM. 
The control signal VX at the time of steering return Since (for example, the coding 
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level signal) was formed so that it might correspond to the motor rotational speed NM, 
and it formed so that PWM signal VOPWM of the motor-control voltage VO at the time 
of steering return might also correspond to a control signal VX further Even if 
regeneration current IK occurs by the counter-electromotive force of a motor 8 at 
the time of steering return as shown in drawing 3 The ON signal VON of the 
motor-control voltage VO currently impressed to the gate G1 of FET(field-effect 
transistor) Q1 of drawing 3 is changed into PWM signal VOPWM. And the duty of the 
pulse width corresponding to regeneration current IK is changed (an increase of 
regeneration current IK increases duty at the time of OFF of pulse width), and Q1 is 
controlled to decrease the current equivalent to regeneration current IK. 
[0049] Then, operation of the electric power-steering equipment concerning this 
invention is explained based on drawing 3 . In the going state of the steering of the 
hand-of-cut right, the motor-control voltage VO corresponding to target current IMS 
is outputted to the motor driving means 13 shown in drawing 3 from the drive control 
means 21 of drawing 1 . The ON signal VON which forms the motor-control voltage 
VO in the gates G1-G4 of FET(field-effect transistor) Q1-Q4, respectively The OFF 
signal VOF, the OFF signal VOF, and the PWM signal VPWM corresponding to 
deflection signal deltal are supplied, motor current IM flows in the direction of an 
arrow (dashed line), a motor 8 drives, and the steering auxiliary force is made to act in 
the steering direction. 

[0050] From this state, when it shifted to the steering return state, 
counter-electromotive force occurred in the motor 8 with the reaction force from a 
tire, and the motor current IM corresponding to [ in the current to which steering 
torque and the regeneration current IK corresponding to opposite direction occur in 
the direction of an arrow, and flow to a motor 8 ] target current IMS to regeneration 
current IK was added (IM+IK). 

[0051] It is detected with the motor current detection means 18 of drawing 1 , and the 
motor voltage detection means 19, respectively, the current signal IMF which noise 
level decreased through low pass filters 22A and 22B, respectively, and a voltage 
signal VMF are inputted into the motor rotational-speed operation means 23, and the 
motor rotational speed NM calculates the current (IM+IK) and the motor voltage VM 
which were added. 

[0052] On the other hand, the stay ring state detection means 23 detects a steering 
return state from the steering torque signal T (code signal F) and the motor rotational 
speed NM (code signal G), and outputs the steering state signal ST. 
[0053] If the steering state signal ST is inputted, the control signal VX corresponding 
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to the motor rotational-speed signal NM will be supplied to the drive control means 21, 
will be changed into PWM signal VOPWM corresponding to the level of a control signal 
VX for the ON signal VON of the motor-control voltage VO, and, as for the return 
control means 25, PWM control of the gate G1 of FET(field-effect transistor) Q1 of 
drawing 3 will be carried out corresponding to a control signal VX. 
[0054] If PWM control of the gate G1 is carried out, since a motor 8 will carry out a 
power generation operation by the current on which FETQ1 and FETQ4 flow in the 
path of body ground (GND) -> diode D2 -> motor 8 -> diode D3 -> DC power supply 
EO (+) at the time of OFF, the increase in motor current is suppressed. Even if 
regeneration current IK occurs in the motor driving means 1 3 in a steering return 
state, control means 20 compensate the increment of regeneration current IK, drive a 
motor 8 with motor current (IM+IK) equal to target current IMS, and act the steering 
auxiliary force on a steering system. 
[0055] 

[Effect of the Invention] The electric power-steering equipment applied to this 
invention as explained above A steering state detection means to return with the 
going state of a steering system to control means based on the motor 
rotational-speed signal which the steering torque signal and motor rotational-speed 
detection means which the steering torque sensor detected detected, and to detect a 
state to them. When a return tense means corresponding to the motor 
rotational-speed signal to return and to generate a tense signal is established and a 
steering state detection means detects the return state of a steering system Since 
the ON signal which drive control means generate based on a return tense signal can 
be changed into the PDM signal corresponding to the motor rotational-speed signal, 
the regeneration current by the counter-electromotive force of a motor can be 
compensated and motor current can be completed as target current The hunting 
phenomenon of unpleasant sound or motor current can be prevented, and a steering 
feeling can be raised. 

[0056] Moreover, since the electric power-steering equipment concerning this 
invention can detect motor rotational speed even if it equips a motor rotational-speed 
detection means with a motor rotational-speed operation means calculate a motor 
rotational-speed signal based on the motor current signal which the motor current 
detection means detected, and the motor voltage signal which a motor voltage 
detection means detects and it does not use a motor rotational-speed sensor for it, it 
can aim at improvement in detection precision in the simplification row of composition. 
[0057] Furthermore, since the electric power-steering equipment concerning this 
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invention can be equipped with a non-contact type current detection means by which 
the hall device was used for the motor current detection means, and cannot affect 
operation of a motor but can detect motor current, it can aim at improvement in 
detection precision and reliability. 

[0058] Therefore, electric power-steering equipment excellent in the steering feeling 
which generates the steering auxiliary force according to target current also at the 
time of the return of a steering can be offered. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The important section block block diagram of the electric power-steering 
equipment concerning this invention 

[Drawing 2] The important section block block diagram of a non-contact type motor 
current detection means 

[Drawing 3] Explanatory drawing of motor driving means of operation 
[Drawing 4] The conventional electric power-steering equipment whole block diagram 
[Drawing 5] The important section block block diagram of conventional electric 
power-steering equipment 

[Drawing 6] Steering (torque T)-target current (IMS) property view 
[Drawing 7] Motor rotational-speed (NM)-control signal (VX) property view 
[Description of Notations] 

1 [ — Steering shaft, ] — Electric power-steering equipment, 2 — A steering wheel, 3 
4 [ — Pinion, ] — Hypoid gears, 5 — A rack & pinion mechanism, 5a 5b [ — A front 
wheel, 8 / — A motor, 10/ — Steering torque sensor, ] — A rack shaft, 6 — A tie rod, 
7 12 30 [ — Motor current detection means, ] — Control means, 13 — 14 Motor 
driving means, 1 8 1 5 [ — Drive control means, ] — A target current setting means, 1 6 

— A deflection determination means, 17 18A [ — Motor voltage detection means, ] — 
A hall device, 18B — A current conversion means, 19 21 — Drive control means, 22A, 
22B — Low pass filter (LPF), 23 — A motor rotational-speed operation means, 24 — 
Steering state detection means, 25 [ — Diode, ] — A return tense means, 30 — A 
motor rotational-speed detection means, D1-D4 F, G [ — Regeneration current, IM / 

— Motor current, ] — A code signal, G1-G4 — The gate, IK IMD [ — Target current 
signal, ] — Motor detection current, IMF — A current signal, IMS deltal [ — Power 
FET (field-effect transistor) ] — A deflection signal, NM — A motor rotational-speed 
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signal, Q1-Q4 ST [ — Motor detection voltage, VMF / — A voltage signal, VHO / — 
A Hall voltage, VO / — Motor-control voltage, VOF / — An OFF signal, VON / — An 
ON signal, VPWM, a VOPWM— PWM signal, VX / — Control signal. ] — A steering 
state signal, VM — Motor voltage, VMD 



[Translation done.] 
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